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This repor t  is a presentat ion of t h e  r e s u l t s  of a study 

of upper atmosphere sensors atld c a l i b r a t i o n  methods with recom- 

mendations f o r  t he  construction of an instrument and a c a l i b r a t i o n  

f a c i l i t y .  

t h e  r epor t  w i l l  be divided i n  t h e  same manner. 

of t h e  l o w  gas dens i ty  sensor w i l l  be considered first folluwed 

by t h e  s tudy of c a l i b r a t i o n  methods 

Since t h e  study covers two d i s t i n c t l y  separa te  problems, 

The inves t iga t ion  

Each of these s tud ie s  began with a review of t h e  l i t e r a t u r e .  

These reviews provided an i n i t i a l  screening of present ly  ava i lab le  

methods as w e l l  as an indicat ion of some of t he  problems of t h e  

more sophis t ica ted  methods present ly  i n  t h e  experimental stage 

A f t e r  t h e  i n i t i a l  survey t h e  more promising approaches w e r e  s tud ied  

i n  d e t a i l  along with new ideas generated from discussion segsions 

wi th in  National Research. From t h i s  information, f i n a l  recom- 

mendations w e r e  developed t o  complete t h e  study. 

High Al t i tude  Sensor 

In  order t o  obtain t h e  b e s t  r e s u l t s  from a study of t h i s  

kind, i t  is necessary t o  work out t h e  areas of i n t e r e s t  and 

put  limits on the  problem. The bas ic  s t a r t i n g  point  is t h e  

d e s i r e  t o  determine the  s t ruc tu re  of t h e  upper atmosphere of 

t h e  e a r t h .  In  the  pas t  ten years, much information has been 

obtained at  a l t i t u d e s  up t o  200 m i l e s  with conventional measuring 

techniques, but as rocket f l i g h t s  have been reaching higher and 

higher a l t i t u d e s ,  these instruments have reached t h e  l i m i t s  of 
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their s e c s i t i v i r i e s ,  O the r  instruments must be found t o  make 

the  des i red  Eeasurements, AlthougLI the re  are mzny physical  

- 3 1  ,.,,surements that. w i l l  be required i n  order t o  completely 

underszand the  atmcsphere, we. are  here concerned wich measuring 

the  Eo1ecula-r densiry and molecular species  of  t he  gases t h a t  

f6imd above 200 m i l e s .  O t h e r  areas of i n t e r e s t  are measure- 

CS?TS which nay be i n t e r r e l a t e d  wi th  these,  such as e lec t ron  

densfty and i o n  dens i t i e s  and k ine t i c  energies  oE t he  var ious 

component gases ,  

Kzasurernents of these quan t i t i e s  have been made a t  lower 

a l t i e u d e s > t o  obtain inforrnati.cn a t  higher a l t i t u d e s  w i l l  r equi re  

more soph i s t i c s t ed  instrumentation. This increases  the  r e l i a b i l i t y  

problsa  and che t i n e  required t o  reduce t h e  data .  

Altkorrgh it i s  undesirable t o  confine the  scudy wi th in  t o o  

narrow limits a t  t h e  beginning, considerat ion of f a c t o r s  r e l a t e d  

t o  t h e  vehic le  and environment must be kept i n  mind i n  order t o  

quickly determine general  s u i t a b i l i t y  of new qproackes  t o  the  

problem Size,  weight,  and r e l i a b i l i t y  are, of course,  primary 

considerat ions However, wide dpamic  range and fast dynamic 

response t o  t h e  quant i ty  being measured, r e l a t i v e l y  unaffected 

by o ther  env i romen ta l  f ac to r s ,  are a l s o  required s ince  the  

vehic le  will t raverse  la rge  changes i n  d e n s i t i e s  and environment 

zt very high speeds. Erch of these considerat ions i s  not  i n  
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i t se l f  a l imi t ing  quant i ty  s ince some compromises can be 

made; some very des i rab le  fea tures  may outweigh some of 

t h e  disadvantages 

The study of sensors was i n i t i a t e d  with a d e t a i l e d  

review of the  l i t e r a t u r e .  This included sensors f o r  measuring 

d e n s i t i e s  of gases a t  l o w  pressure (pr imari ly  vacuum gauges) 

and rnethods fox gas analysis .  Subs tan t ia l ly  a l l  of t he  published 

work i n  atmospheric research was a l s o  covered, 

(Technical Reports #I and # a )  have been i ssued  reviewing the  

l i t e r a t u r e  i n  the  f i e l d s  of vacuum gauges and m a s s  spectrometers, 

these  being the  bes t  known of  t h e  poss ib le  sensing devices. 

Some of the  instruments l i s t e d  can be quickly removed from 

considerat ion due t o  bas ic  l imi t a t ions ,  but  t h e r e  are many 

which must be considered i n  d e t a i l ,  

w i l l  disciiss t h e  more in t e re s t ing  devices. 

' h o  pro jec t  r epor t s  

The following paragraphs 

Since the  pressure range of i n t e r e s t  extends t o  mm Hg, 

most vacuum pressure gauges can be el iminated from considerat ion 

as sa te l l i t e  sensors because t h e  physical  p r i n c i p l e  on which 

they operate i s  not u se fu l  a t  t h e  lower end of t h e  range. 

some of these gauges w i t h  l imi ted  range may s t i l l  be i n t e r e s t i n g  

f o r  c a l i b r a t i o n  purposes. The gauges which a r e  not l i k e l y  t o  be 

use fu l  a t  mm Hg include the  P i r a n i ,  thermocouple, radiometer, 

Bourdon tube, diaphragm, and McLeod gauges. 

However, 
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P i r a n i  and thermocouple gauges depend on the  thermal 

conduct ivi ty  of a gas.  

dependent pr imari ly  i n  the  range from one micron t o  one mm Hg. 

High s e n s i t i v i t y  instrumentation has been used t o  extend the  

range t o  about mm Hg but below t h i s  value t h e r e  are not 

enough molecules s t r i k i n g  the hot f i lament t o  conduct a measurable 

amount of hea t .  Other hea t  losses obscure any de tec tab le  v a r i a t i o n  

in t he  thermal conduct ivi ty  of t h e  gas. 

The the rma l  conduct ivi ty  is pressure 

The Rnudsen r a d i m e t e r  gauge is  l imi ted  t o  the  pressure 
-5 

range 10  t o  lom8  o r  possibly 10’’ mm Hg. This l i m i t  is es tab l i shed  

by the  lowest force  present ly  measurable on t h e  cold vane. 

smaller forces  could be measured, an u l t imate  l i m i t  is set by 

the  poin t  a t  which the  magnitude of the  molecular pressure on 

the  co ld  vane becomes comparable t o  the  r a d i a t i o n  pressure.  

If 

Bourdon tubes and diaphragm gauges are a l s o  in t h i s  class 

although the  f a c t o r s  l imi t ing  t h e  p re sen t ly  ava i l ab le  ranges 

are pr imar i ly  due t o  s t r u c t u r a l  materials and measurement 

l i m i t a t i o n s  ra ther  than limits i n  bas ic  p r inc ip l e .  This is  

t r u e  f o r  most of the  instruments t h a t  depend on measuring a 

force .  If b e t t e r  materials were ava i l ab le  f o r  t he  construct ion 

of t he  tube o r  diaphragm, and more s e n s i t i v e  measurements of 

t h e  de f l ec t ion  could be made, the  range could be increased. 
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Sorbed gas OR the  i n t e r i o r  sur faces  of t h e  McLeod gauge 

limits i ts  use t o  pressures  above 10-7 mm Hg. 

operat ing f ac to r s  l i m i t  p r a c t i c a l  gauges t o  pressures  above 

Mechanical and 

mm Hg. A de ta i l ed  discussion of t he  McLeod gauge is 

given i n  Technical Report No. 3 and it  w i l l  be f u r t h e r  con- 

s ide red  i n  the  c a l i b r a t i o n  sec t ion  of t h i s  r epor t .  

Another c l a s s  of gauges, which includes most of the  

popular methods f o r  measuring pressures  below 

measures t h e  number of  molecules i n  a given volume and hence 

these are densi ty  gauges. T h i s  class includes t h e  var ious 

hot-and cold-cathode ion gauges A recent  r epor t  provides 

a thorough discussion of t h i s  group of instruments. 

reason only t h e  problems r e l a t ed  t o  the  measurements of  t h e  

upper atmosphere w i l l  be discussed here ,  

mm Hg, 

For t h i s  

"he basic  operating pr inc ip le  is t h e  ion iza t ion  of the  

gas i n  a defined volume. 

r e s u l t i n g  cur ren t  is a measure of t h e  t o t a l  number of gas  

The ions are co l l ec t ed  and the  

1 Fina l  Report under Contract AF 19 (604) - 5731, sponsored 
by AF Cambridge Research Center; National Research Corporation, 
Cambridge, (February, 1960). 
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molecules in. t he  defined volume. It would appear from t h i s  

statement of p r inc ip l e  t h a t  the  gauge could serve as an 

absolu te  standard.  By an absolute s tandard w e  mean a 

gauge whose response can be accurately predicted s o l e l y  

on t h e  b a s i s  of its physical dimensions and on known physical  

laws, without need f o r  ca l ib ra t ion .  However, t h e  i on iza t ion  

process cannot be defined with enough prec is ion  t o  provide a 

s a t i s f a c t o r y  standard.  The f a c t o r s  influencing the  ion cur ren t  

I can be indicated i n  t h e  formula: i 
= NKLD Ii 

where N = number of ionizing p a r t i c l e s  p e r  second (e lec t rons ,  

a lpha p a r t i c l e s ,  e t c . ) ,  K = number of ions formed per  u n i t  

pa th  length a t  a given gas densi ty ,  L = average path length  

of an i.onizing p a r t i c l e ,  and D = gas densi ty .  

The number of ionizing p a r t i c l e s  can be w e l l  defined by 

measuring the  e l ec t ron  current  o r  from known d i s in t eg ra t ion  

rates of radionucleides.  Factor K, however, is known only 

approximately; i ts  value depends on the  kind of ionizing 

p a r t i c l e ,  i t s  energy, and the kind of gas molecule being 

ionized. Further ,  values of K cannot ye t  be accura te ly  

pred ic ted  on t h e o r e t i c a l  grounds alone,  and are determined 

experimentally i n  apparatus similar t o  an ion gauge. The 

average path length,  because t h e  ion iz ing  volume is not 
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sharp ly  defined by t h e  e lectrode s t r u c t u r e ,  is  probably the  

f a c t o r  hardest  t o  determine i n  the  usual configurat ion.  It 

is poss ib le  t o  construct  the gauge so t h a t  t he  path length 

can be determined accurately but  t he  s e n s i t i v i t y  w i l l  be 

lower. 

However, if we consider c a l i b r a t i n g  the  gauge with a 

s tandard and then us icg  it to  measure the  upper atmosphere, 

t he  major problem is i ts  dependence on gas composition. Since 

t h e  ion iza t ion  p robab i l i t y  (K) varies over a wide range f o r  

d i f f e r e n t  gasses,  and i f  the atmosphere t o  be measured is not  

a pure gas but  a mixture, the  t r u e  mean dens i ty  cannot be 

determined unless  the  composition is known. 

somewhat reduces the  usefulness of an ion iza t ion  type gauge 

f o r  upper atmosphere research, although i f  the  dens i ty  is 

known it can g ive  the  average molecular weight of the  gas.  

However, a mass spectrometer can provide an ana lys i s  of t h e  

composition from which the  average dens i ty  can be determined, 

as w e l l  as t he  t o t a l  gas density.  

This dependence 

If the  atmosphere t o  be measured is a l ready  p a r t i a l l y  

ionized, t he  c o l l e c t i o n  of these ions w i l l  add t o  the  cur ren t  

generated by t h e  ionizing source i n  t h e  gauge. 

a t  the  entrance t o  the  gauge can prevent t he  ambient ions from 

enter ing  the  gauge, aGd the  gauge w i l l  then ind ica t e  only the  

An ion t r a p  
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p a r t i a l  pressure due t o  the  un-ionized molecules. 

must be shielded aga ins t  outside sources of ionizing r a d i a t i o n  

f o r  t h e  same reason. 

The gauge 

The problem of adsorption and desorption of gasses  on the  

w a l l s  of the  gauge o r  on the  i n t e r n a l  elements is present  i n  

any l o w  pressure sensing device. 

be determined when these processes are i n  equilibrium wi th  

the  surrounding atmosphere. 

of t he  dens i ty ,  t he  gauge reading w i l l  l a g  the  t r u e  densi ty .  

If t h e  dens i ty  is increasing the  gauge w i l l  read l o w  because 

the  i n t e r n a l  sur faces  act l i k e  a ptrmp, adsorbing the  incoming 

gas.  If the  dens i ty  is decreasing, the  surfaces w i l l  outgas 

r e s u l t i n g  i n  a higher densi ty  i n  t h e  gauge. 

is  observed following rap id  changes i n  temperature, because 

t h e  s t i c k i n g  p robab i l i t y  is a funct ion of temperature. 

phenomenon is w e l l  known t o  users  of hot fi lament i o n  gauges. 

The sur face  equilibrium can a l s o  be a f f ec t ed  by t h e  

bombardment of a sur face  w i t h  ions o r  e l ec t rons .  This effect 

can be observed when a cold cathode gauge is first turned on. 

The pressure reading, i n i t i a l l y  high because adsorbed gas is 

dislodged by bombardment, w i l l  gradual ly  decrease u n t i l  equi- 

l ibr ium is  a t t a i n e d .  

obscured by t h e  much l a r g e r  outgassing due t o  the  sudden 

The t r u e  dens i ty  can only 

During l a rge  and rap id  excursions 

Similar behavior 

This 

In  a hot  f i lament gauge, t he  effect is 
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tempratme r ise  when t h e  f i lament  is turned on,, 

The c a l i b r a t i o n  s t a b i l i t y  of an ion gauge is usua l ly  

exce l l en t .  

(Eq. 1) are s t a b l e  o r  can be cont ro l led .  

p a r t i c l e s  pe r  second is determined by the  e l ec t ron  cu r ren t .  

If t he  e l ec t ron  current  is measured, the  r a t i o  of ion cur ren t  

t o  e l ec t ron  cur ren t  is  proport ional  t o  densi ty .  

cu r ren t  is maintained a t  a constant value,  t h e  ion cu r ren t  i s  

propor t iona l  t o  densi ty .  The average path length  is f ixed  by 

the diraezrsi-ons of the el-ts arrd ttrekr spac-i;ng. 

hot f i lament  gauge the  acce lera t ing  vol tage is  maintained constant ,  

t h e  energy dependence o f  t he  f a c t o r  K w i l l  be s t a b i l i z e d .  

these  are t h e  parameters which determine t h e  ion  cu r ren t ,  s t a b i l i t y  

is maintained Over long periods of time. 

The physical  parameters a f f e c t i n g  t h e  ion  cur ren t  

The number of ion iz ing  

If the  e l ec t ron  

If in  the  

Since 

Miniaturizing and ruggedizing the  ion gauge presents  some 

not insurmountable problems. 

i t se l f  can be reduced t o  a very s m a l l  s ize  (subminature vacuum 

tube) .  

p ropor t iona l  t o  the  physical  dimensions, the  ion  cu r ren t  w i l l  be 

reduced accordingly. Therefore, minaturizing must compromise 

between size and lowest detectable  densi ty .  The co ld  cathode 

types of ion gauge requi re  a magnet whose size and weight are 

not  e a s i l y  reduced t o  s m a l l  values. 

Physical ly  the  sensing element 

However, s ince  the value of t h e  path length,  L is d i r e c t l y  

While the  weight is a d i s t i n c t  
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disadvantage, i t  is not  so large as t o  d i squa l i fy  t h e  gauge 

from consideration. 

Providing the  capab i l i t y  t o  withstand high shock and 

v i b r a t i o n  forces  presents  a problem only i n  the  hot  f i lament 

type of ion gauge. 

t o  the  requirement f o r  low power consumption. However, s ince  

hot  f i lament vacuum tubes have been designed t o  withstand these  

forces, the technology is  apak3atrle t o  overeome the  problem. 

The cold cathode and radioact ive source gauges present  no d i f f i -  

c u l t i e s ;  good design with proper supports f o r  t h e  i n t e r n a l  

s t r u c t u r e  is a l l  t h a t  is necessary. 

H e r e  the  requirement f o r  s t r eng th  is opposed 

The ion  gauges i n  one form or another have been t h e  

accepted instrument f o r  measuring pressures  i n  t h e  range of 

i n t e r e s t  of t h i s  study. The conventional hot f i lament ion 

gauge is l imi t ed  t o  pressures higher than lom8 mm Hg by the  

X-Ray effect. The Bayard-Alpert modification reduces the  

X-Ray effect so t h a t  t h e  l i m i t  is extended t o  10 

Some non- l inea r i t i e s  have been obsenred i n  the  Redhead co ld  

cathode gauge i n  t h e  

-11 
mm Hg. 

mm Hg range. 

The l o w  pressure l i m i t s  of these  gauges can be extended 

by seve ra l  orders  of magnitude by the  f l a s h  fi lament technique. 

This method daes not improve the  c h a r a c t e r i s t i c s  of the  gauge 
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i tself ,  but i n  fact, mul t ip l ies  the  pressure t o  be measured 

f o r  a s h o r t  per iod of time. The p r inc ip l e  is as follows: 

A c lean  surface w i l l  adsorb gasses at a f a i r l y  constant rate 

(as long as t h e  coverage i s  less than a monolayer of gas).  If 

t h e  sur face  is then heated t o  a high temperature, t h e  adsorbed 

gas  will be quickly desorbed. If t h i s  occurs i n  the  v i c i n i t y  

of an ion gauge, the  gauge w i l l  read t h e  pressure % w s t " .  

The peak reading of the  gauge is  r e l a t e d  t o  t h e  i n i t i a l  gas 

pressure  and the  length of t h e  adsorption period. 

a n a l y s i s  of t h i s  technique is presented and discussed i n  t h e  

previously mentioned r epor t  (see page 5).  However, several 

considerat ions r e l a t e d  t o  possible uses of t he  method i n  a 

sa te l l i t e  sensor should be discussed. 

A thorough 

In  order  t o  obta in  the  maximum gain i n  s e n s i t i v i t y ,  t h e  

sur face  area should be as large as poss ib le ,  On the  o ther  

hand, the  power required t o  h e a t  t he  sur face  increases  with 

the  surface area. 

of t he  s h o r t  duty cycle ,  peak power requirements m u s t  a l s o  be 

considered. 

While t h e  average power is not  l a rge  because 

To obtain the  f u l l  advantages of t he  method over a wide 

range i n  t o t a l  pressure,  the  durat ion of t h e  adsorpt ion per iod 

should be var iab le .  This could be accomplished i n  a number of 
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ways but requi res  addi t iona l  c i r c u i t r y  f o r  se l f - sens ing  o r  

a command l i n k  wi th  t h e  ground. 

t h e  dynamic range of a p a r t i c u l a r  gauge is a t  least 100:1, 

which should be s u f f i c i e n t  f o r  many satel l i te  appl ica t ions .  

For a f ixed  adsorption time, 

Because a f i n i t e  time per iod is required f o r  adsorption, 

t h e  measurement w i l l  be an average of t he  pressure experienced 

over t h e  period. 

rocket  f i r e d  v e r t i c a l l y  upward through t h e  atmosphere could not 

be s a t i s f a c t o r i l y  measured by t h i s  method. However, f o r  i n v e s t i -  

ga t ions  beyond the  e a r t h ' s  atmosphere where changes i n  t h e  dens i ty  

are expected t o  be much more gradual,  t he  information obtained 

would be very usefu l .  

The fast-changing pressure experienced by a 

The tubulat ion between the  gauge and the  atmosphere is a 

cr i t ical  f a c t o r  i n  t h e  design of t h e  instrument s ince  it l i m i t s  

t he  pumping speed i n  both d i rec t ions .  

rate of adsorption is cont ro l led  by the  s t i c k i n g  p r o b a b i l i t i e s  of 

t h e  molecules on the  clean surface.  During the  desorption cycle ,  

t h e  pressure  b u r s t  w i l l  be quickly pumped out  t o  the  surrounding 

atmosphere; t h i s  w i l l  require  a fast response of t he  ampl i f ie r  

i f  t h e  reading is t o  be useful .  

o ther  hand, t he  rate of adsorption w i l l  be l imi t ed  by t h e  con- 

ductance of t he  tubula t ion  and longer adsorpt ion times w i l l  be 

required.  On desorption, the pressure b u r s t  w i l l  be pumped out  

With a l a r g e  opening, the  

With a s m a l l  opening on the  
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more slowly. 

w i t h  the  proper conductance. 

For these reasons t h e  sensor must be c a l i b r a t e d  

A f u r t h e r  consideration i n  the  design is the  thermal 

energy introduced by the  hot f i lament .  

m u s t  be as s h o r t  as possible  i n  order  t h a t  the  w a l l s  of 

t h e  gauge do not  change i n  temperature. 

The heat ing cyc le  

Such a temperature 

increase  would release adsorbed gas from t h e  w a l l ,  which would 

i n t e r f e r e  with t h e  pressure measurement. 

Although t h e  f i n i t e  adsorption time required may be a 

disadvantage i n  most appl ica t ions ,  the  method can increase the  

range of any ultra-low pressure measuring instrument. 

s i m p l i c i t y  wi th  which t h i s  is accompl$shed would seem t o  

The 

deserve thorough consideration. 

Mas s SD ec t r ome t ers 

A number of mass spectrometers have been flown i n  rocke ts  

and i n  a t  least one satell i te.  For t h e  most p a r t ,  these  have 

been Bennett type instruments, although several o ther  types 

are being constructed f o r  fu tu re  f l i g h t s .  

instruments have been described i n  Technical Report Number 2,  

and the  p r inc ip l e s  are f a i r l y  w e l l  known, a genera l  review w i l l  

Since most of these  

not be undertaken here.  

p a r t i a l  pressures  i n  the  

A well-designed instrument w i l l  measure 

t o  m Hg region wi th  t h e  uswl 
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DC ampl i f ie r  f o r  measuring the  ion cu r ren t .  

cu r ren t  measuring techniques the  pressure l i m i t  can be extended 

one o r  two orders  of magnitude. Further improvements t o  permit 

measuring s t i l l  lower pressures may be poss ib le  through a s tudy 

of t h e  several processes involved. 

With more soph i s t i ca t ed  

The func t iona l  operation of the  usual  instrument can be 

divided i n t o  th ree  d i s t i n c t  processes: 

and a physical  measurement of  each group of ions.  The output- 

input  spec i f i ca t ions  imposed on each s t a g e  d i f f e r  widely among 

t h e  var ious types so t h a t  the  d e t a i l s  of the  physical  arrange- 

ments are d i f f e r e n t ,  but  the bas ic  processes are the  same i n  

each case. 

process has with t h e  s e n s i t i v i t y  can best be obtained i f  t he  

discussion starts with t h e  f i n a l  measurement. In  almost a l l  

cases ,  t h i s  is  a measurement of t h e  ion cur ren t  and i n  every 

case is the  f ac to r  l imi t ing  the  lowest pressure de tec tab le  by 

t h e  gauge. 

below the  threshold of present cur ren t  measurement techniques. 

If w e  assume a minimum measurable cu r ren t ,  then the  s e n s i t i v i t y  

can only be increased by increasing the  number of co l l ec t ed  ions 

which form the  cur ren t .  

number of ions formed, and the  ion u t i l i z a t i o n  e f f ic iency .  

ion iza t ion ,  separa t ion ,  

An understanding of t h e  r e l a t i o n s h i p  t h a t  each 

In o ther  words, the  ion cu r ren t s  e x i s t  but are 

This a t t a c k  po in t s  t o  two f a c t o r s :  t he  

The ion e f f i c i ency  of the system, t h e  r e l a t i o n s h i p  between 

t h e  number of ions co l lec ted  t o  t h e  o r i g i n a l  number of ions 
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formed, is a function of the  e f f i c i ency  wi th  which t h e  ion 

source i n j e c t s  t he  ions i n t o  the  analyser ,  t h e  l o s s  of ions 

i n  t h e  analyser ,  and the  co l l ec t ion  e f f i c i e n c y  a t  the  output 

of t h e  analyser .  With good reso lu t ion  by the  analyser ,  and 

proper design of t he  co l l ec to r  t he  c o l l e c t i o n  e f f i c i ency  should 

be nea r ly  100%. The other  two f a c t o r s  are r e l a t e d  t o  each other :  

The analysers  with high ion e f f i c i ency  r equ i r e  an ion source wi th  

a collimated beam, while those analysers  t h a t  can use an ion source 

without col l imat ion have high lo s ses .  For example, i n  the  Bennett 

type M.S. e s s e n t i a l l y  a l l  of t he  ions formed i n  the  source are 

i n j e c t e d  i n t o  the  analyser,  but t h e  acae lera t ing  g r i d s  w i l l ,  them- 

selves, c o l l e c t  many of t h e  ions before they can reach t h e  c o l l e c t o r .  

On t h e  o ther  hand, an  analyser of t he  crossed f i e l d  type which has 

very l o w  ion lo s ses  requi res  a source t h a t  can use fu l ly  delgver as 

a col l imated beam only a small f r a c t i o n  of t h e  number of ions 

formed. 

is pulsed, the  l o w  ion u t i l i z a t i o n  e f f i c i e n c y  arises from the  

s h o r t  duty cycle.  From t h i s ,  it can be seen t h a t ,  i n  almost every 

case, t h e  dominant factor i n  ion e f f i c i ency  is the  lo s ses  a t  a 

single puht  am3 for most-spectr-onte-3, thi3 point %-s t he  ion 

source.  

In the  t ime-of-fl ight instrument, where the ion source 

The funct ion of t he  source is t o  i on ize  t h e  gas and i n j e c t  

t he  ions i n t o  the  analyser.  

vary q u i t e  widely, bu t  i n ,gene ra l  r equ i r e  a colimated beam of ions 

The s p e c i f i c a t i o n s  f o r  t h e  ion beam 
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a l l  a t  approximately the  same veloc i ty .  

t h e  r e s u l t  of forming t h e  beam. 

ex t r ac t ing  the  ions through a hole i n  a box is  the  most common 

method; most of the  ions co l lec ted  on the  w a l l s  of the  box. 

would appear t h a t  a much more e f f i c i e n t  method c w l d  be developed 

through the  appl ica t ion  of the p r inc ip l e s  of e l ec t ron  op t i c s .  An 

e f f i c i e n t  ion gun would be use€ul i n  many appl ica t ions .  

"he los ses  are pr imari ly  

The "brute force" method of 

It 

Another p o s s i b i l i t y  fo r  improving the  lower pressure l i m i t  by 

increasing the  sens i t iv i . ty  is t o  increase the  number of ions formed. 

The obvious s t e p  is  t o  increase the  number of ionizing e lec t rons .  

However, several f a c t o r s  in the  design l i m i t  the  e l ec t ron  cur ren t .  

The beam forming method limits t h e  volume from which the  ions are 

ex t rac ted ,  so t h a t  only the  e l ec t rons  passing through the  volume 

produce useable ions.  

t h e  e l ec t ron  beam requi res  introducing the  e l ec t rons  through a 

second hole i n  the  box, and thus a l s o  limits the  e l ec t ron  cur ren t .  

Although o ther  f a c t o r s  such as space charge acd e l ec t ron  energy must 

a l s o  be considered, t he re  i s  t he  p o s s i b i l i t y  f o r  g rea t  improvement 

i n  t h e  ion iza t ion  sec t ion  of t he  mass spectrometer. 

The usual "brute force" method f o r  producing 

Many of t he  vacuum problems discussed previously i n  connection 

wi th  the  ion gauge a l s o  apply t o  measurements with the  mass spectro- 

meter. 
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As i n  t he  ion gauge, i f  t h e  atmosphere t o  be measured 

is  p a r t i a l l y  ionized, the  data cannot be unambiguously in t e rp re t ed .  

The use of an ion t r a p  is indicated and t h e  measurements are then 

r e l a t e d  t o  the  unionized molecules. The mass spectrometer can 

be used t o  measure only the  ionized molecules by removing the  

ion source and permitt ing t h e  ambient ions t o  e n t e r  t h e  analyser .  

Ions of e i t h e r  p o l a r i t i e s  of t h e  acce lera t ing  vol tages  must  be 

reversed f o r  ions of d i f f e ren t  p o l a r i t y .  

A survey of t h e  l i t e r a t u r e  ind ica t e s  t h a t  t he re  is much 

a c t i v i t y  a t  t h e  present  time i n  the  development of m a s s  spectro-  

meters f o r  upper atmosphere research. Many of the  var ious types 

of M.S. are under in tens ive  inves t iga t ion  and w i l l  be constructed 

as f lyab le  instruments. Another instrument which is not  a t r u e  

mass spectrometer but can provide similar information is knm 

as t h e  desorption spectrometer, This device has so far received 

l i t t l e  a t t e n t i o n ,  but appears t o  o f f e r  d i s t i n c t  advantages. It 

therefore  deserves f u r t h e r  consideration of its p o t e n t i a l  capa- 

b i l i t i e s .  

Desorption Spectrometer 

The desorption spectrometer is a method f o r  t he  ana lys i s  

of extremely low pressure gas mixtures t h a t  has so far been 

l i t t l e  a t t e n t i o n .  

given 

Although the  physical  phenomenon has been known 



-18- 

I 
'1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 

f o r  some time, it has only r ecen t ly  been appl ied t o  measurements 

i n  u l t r ah igh  vacuum systems. The desorption spectrometer is an 

extension of t he  f l a s h  filament technique. A clean fi lament is  

used t o  adsorb the  gas but  i n s t ead  of desorbing a l l  t he  gas i n  

a shor t  time, the  filament is  heated slowly. Since d i f f e r e n t  

gasses  desorb a t  d i f f e r e n t  temperatures, because of t h e i r  d i f f e r e n t  

binding energies ,  a pressure bu r s t  is  ind ica ted  by the  ion gauge 

f o r  each of t he  adsorbed gasses. 

good reso lu t ion  is  possible  among t h e  var ious gasses is  not  known, 

t h e  technique is  useful a t  pressures  much lower than any o ther  

known method. 

Althought t he  ex ten t  t o  which 

The instrument is  not a mass spectrometer, and the  recorded 

spectrum is  i n  no way r e l a t e d  t o  a t r u e  mass spectrum. 'She peaks 

obtained depend not only on t h e  binding energy but a l s o  on the  

time period of adsorption, t h e  s t i ck ing  p r o b a b i l i t i e s ,  t he  flow 

c h a r a c t e r i s t i c s  of t he  instrument envelope, and t h e  composition 

s e n s i t i v i t y  of t he  detect ing pressure gauge. Because some of these  

f a c t o r s  are not  w e l l  known, each instrument must be ind iv idua l ly  

ca l ib ra t ed .  

Most of t he  cur ren t  work i n  desorpt.ion spectrometry i s  bei.ng 

c a r r i e d  out by P. A. Redhead of t h e  National &search Council of 

Canada i n  O t t a w a .  This work has developed exce l l en t  da t a  on t h e  

desorption c h a r a c t e r i s t i c s  f o r  ni t rogen,  carbon monoxide, and 
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hydrogen sorbed by a tungsten f i lament .  

involved are a l s o  pointed out by these  experiments. 

Some of t he  problems 

Some of the  gasses do not have a s i n g l e  desorption peak. 

The tungsten fi lament has This may be due t o  several causes. 

a m u l t i c r y s t a l l i n e  s t ruc tu re  with random o r i e n t a t i o n  of t he  

c r y s t a l s  so t h a t  a l l  of the  var ious crystal  faces are exposed. 

Each of t he  c r y s t a l  f aces  may adsorb the  gas molecules wi th  

somewhat d i f f e r e n t  binding energies .  

c r y s t a l  faces w i l l ,  therefore ,  desorb a t  d i f f e r e n t  temperatures. 

Further ,  t he  ind iv idua l  gas molecule may be bound t o  a s i n g l e  

metal atom o r  t o  more than one metal atom. This a l s o  leads  t o  

desorption a t  d i f f e r e n t  temperatures. These r e s u l t s  are based 

e n t i r e l y  on the  desorption from tungsFen. Other materials f o r  

t h e  fi lament may have e n t i r e l y  d i f f e r e n t  c h a r a c t e r i s t i c s .  

may be poss ib le  t o  f i n d  a d i f f e r e n t  f i lament material t h a t  w i l l  

alleviate some of these  problems. 

The gasses on the  severa l  

It 

The f l a s h  fi lament technique i tself  would a l s o  appear t o  

be usefu l  as a method f o r  extending the  s e n s i t i v i t y  of a mass 

spectrometer. As far as is  known, t h e  combination has never 

been used. 

r e l a t e d  t o  the  gas composition but would depend on the  adsorption 

c h a r a c t e r i s t i c s  of t h e  f l a s h  fi lament and the  gas dynamics of the  

system. However, t he  added s e n s i t i v i t y  (possibly two orders  of 

The r e s u l t i n g  mass spectrum would not be d i r e c t l y  
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magnitude) would be very useful  and balance the  added c a l i b r a t i o n  

problems. 

Recommendat ion 

The previous paragraphs have discussed i n  d e t a i l  a number 

of sensors f o r  high a l t i t u d e  measurements, t h e i r  advantages 

and disadvantgtges. 

a review of t h e  inves t iga t ions  i n  progress a t  the  present  time 

should be considered before a f i n a l  recommendation f o r  the  con- 

s t r u c t i o n  of an instrument is  made. 

In order t o  avoid dupl icat ion of e f f o r t ,  

The development and construct ion of several u l t r ah igh  vacuum 

gauges as f lyab le  instruments is now underway. A t  NRC Equipment 

Corporation (a subsidiary of National Research Corporation) w s l k  

i s  proceeding on the  Redhead cold cathode gauge. 

should be completed i n  the  near  fu tu re .  

ga t ion  f o r  use i n  rockets  and satel l i tes  are the  Bennett MS, 

t he  omegatron, t he  Bendix T.O.F., the  Paul "Massenfilter", and 

t h e  crossed-f ie ld  M.S. by var ious groups including NASA, I t e k ,  

University of Michigan Research I n s t i t u t e  , Consolidated Systems 

Corporation, Lockheed Ai rc ra f t ,  Bendix Aviation, and Naval Research 

Laboratory, as w e l l  as i n s t i t u t e s  i n  Russia. 

This p ro jec t  

Under in tens ive  i n v e s t i -  

Because of t h i s  work already i n  progress,  which covers the 

pressure range of i n t e r e s t  i n  t h i s  program, the  development of a 

sensor f o r  a l t i t u d e s  beyond t h i s  range would probably cont r ibu te  
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more t o  high a l t i t u d e  research. This study, t he re fo re ,  recommends 

the  f u r t h e r  experimental inves t iga t ion  of t h e  desorption spectro- 

meter and the  development of a high a l t i t u d e  sensor based on t h e  

p r inc ip l e .  

Cal ibra t ion  F a c i l i t y  

The second p a r t  of Phase I i s  the  study of methods f o r  

c a l i b r a t i n g  high a l t i t u d e  seas~ra w i t h  recommendations f o r  

t h e  design and construction of a c a l i b r a t i o n  f a c i l i t y .  

s tudy w a s  begun with a review of the  l i t e r a t u r e ,  which has  

been reported i n  Technical Report fl. 

study of t he  McLeod gauge and she Knudsen gauge i s  the  subjec t  

of Technical Report #3. 

This 

A f u r t h e r  d e t a i l e d  

Many of the  low pressure sensors can be c a l i b r a t e d  d i r e c t l y  

over kneirwhsle rar,ge w i t h  t he  McLeod gauge. 

s t r u c t i o n  and good technique t h e  method can be use fu l ,  to pressures  

low as mu Hg with  reasonable accuracy. The c a l i b r a t i o n  

of instruments below t h i s  range is  pr imari ly  by extrapolati .on 

of the  c a l i b r a t i o n  made a t  the  higher pressures .  The ion  gauges, 

i n  p a r t i c u l a r ,  have a l i n e a r  r e l a t i o n  between the  ion cur ren t  and 

dens i ty  so t h a t , i n  theory a t  least ,  c a l i b r a t i o n  by ex t rapola t ion  

t o  lower pressures  works qui te  w e l l .  

physical  phenomena can and do affect the  c a l i b r a t i o n  a t  lower 

pressure.  

With careful. COP,- 

However, i n  p r a c t i c e ,  o the r  

The s tandard ion  gauge is  l imi t ed  by the  X-ray e f f e c t  
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which adds t o  t h e  ion current .  mm Hg 

t h e  ion  cur ren t  begins t o  leve l  off  and a constant reading i.n 

t h e  

t h e  pressure a c t u a l l y  is. 

reduces the  poin t  a t  which the  effect limits the  ion cur ren t  but 

t h i s  gauge st i l l  has an X-ray l i m i t  a t  about mm Hg. The 

inver ted  magnetron gauge of Redhead a l s o  e x h i b i t s  a non- l inear i ty  

at  10 mm J3g and below. For these  reasons,  c a l i b r a t i o n  by 

A t  pressures  below 

mm Hg range w i l l  be iqd iaa ted  no matter how much lower 

The Bayard-Alpert modification 

-12 

ext rapola t ion  below a measured poin t  is not a r e l i a b l e  method. 

Extension of t he  lower range of t he  McLeod gauge, a t  least 

by orders  of magnitude, does not  appear t o  be a reasonable expectation. 

The Knudsen gauge may be regarded as a s tandard t o  approximately 

10 
-9 

mm Hg below t h i s  pressure no absolute  s tandard is known. 

The c a l i b r a t i o n  problem can be a t tacked  from another d i r ec t ion .  

Ins tead  of d i r e c t l y  comparing the  known and unknown gauges, a "known" 

low pressure can be obtained by expanding a known volume of gas to 
PV PV - a l a r g e r  known volume and applying the  gas l a w  T =: T This 

method has been used a t  higher pressures  as an independent check 

on o the r  standard instruments. However, as the  pressures  i.6 reduced 

a number of inaccuracies appear. 

on the  w a l l s  of t he  ves se l  a re  probably the  major problem. 

O f  these  sorp t ion  and desorption 

As t he  

pressure  i s  reduced the  quant i ty  of gas adsorbed on the  w a l l s  
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becomes ah appreciable p a r t  of the  t o t a l  gas i n  the  system. 

s m a l l  volume of gas expanded i n t o  a l a rge  chamber w i l l  not  follow 

t h e  gas  l a w  s ince  p a r t  of the gas w i l l  be adsorbed. 

assoc ia ted  with t h i s  s t a t i c  system are the  pumping ac t ion  of ion 

gauges, outgassing of s e a l s  and valve gaskets ,  and the  cumulative 

effect of these  e r r o r s  if more than one expansion is required.  

pressures  below o r  mm Hg these sources of e r r o r  become 

a dominant f a c t o r  of the  t rue  pressure and render the  method use less .  

A 

Other problems 

For 

Many of t he  problems can be overcome by using a dynamic 

system as the  pressure divis ion system out l ined  i n  Technical 

Report #la 

chamber a t  constant pressure,  a new lower pressure can be achieved 

whose value depends only on the  conQuctance of t he  o r i f i c e  and the  

pumping speed. 

outgassing rates and gauge pumping rates, these  w i l l  not affect 

the  accurate  determination of t he  new pressures .  

desorption are not a problem s ince  the  w a l l s  of each chamber are 

always maintained a t  one or wi th in  a s m a l l  range of pressures .  

By puaping continuously t h r u  a s m a l l  o r i f i c e  from a 

If t h e  pumping speed i s  l a r g e  compared t o  the  

Sorption and 

Figure 1 
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The bas ic  ou t l ine  of t he  system i s  shown i n  Figure 1 where 

(P1 - P )C = P c C is  the  conductance of t h e  o r i f i c e  

and C is the  effective pumping speed. The pumping system 

includes a second o r i f i c e  which limits the  e f f e c t i v e  pumping 

speed t o  a value w e l l  below the  inherent  speed of t h e  pump 

so t h a t  t he  pressure r a t i o  is determined pr imar i ly  by the  

r a t i o  of t h e  o r i f i c e  conductances, with l i t t l e  e f f e c t  from 

v a r i a t i o n s  i n  pump speed. 

of an o r i f i c e  should l ead  t o  a very s t a b l e  value of t h e  pressure 

r a t i o  e 

2 1  2 2' 1 

2 

The constancy of t h e  conductance 

This would appear t o  be an i d e a l  pressure s tandard which 

can be extended to very l o w  pressures .  In  orC!er t o  obta in  a 

true value of pressure r a t i o  the  chambers must meet a number 

of requirements. 

compared t o  the  desired gas flow: 

closed,  the  chamber must a t t a i n  a pressure 100 times lower than 

the  normal operating pressure i f  1% accuracy is  required.  

gas  f l o w  through the  pump must be l a r g e  compared t o  the  pumping 

of any gauge at tached t o  t h e  chamber. The pressures  must be i n  

t h e  region of molecular flow, i n  order t h a t  t he  o r i f i c e  con- 

ductance remains constant.  

beam from the  o r i f i c e  must be dispersed, otherwise, t he  pressure 

d i s t r i b u t i o n  throughout the chamber w i l l  be uneven. 

The leak and outgassing rates must be neg l ig ib l e  

With the  connecting o r i f i c e  

The 

For t h i s  reason, t he  molecular 
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The requirements f o r  molecular flow removes t h e  p o s s i b i l i t y  

of  using atmospheric pressure as t h e  reference.  However, a 

s tandard pressure measurement can be made a t  1 micron pressure 

wi th  the  McLeod gauge. I n  t h i s  range, t h e  McLeod is  f r e e  of 

many of t h e  t roubles  found a t  lower pressures .  S t a r t i n g  with 

1 micron, and assuming a pressure d iv i s ion  of 100 as reasonable, 

four  successive chambers with o r i f i c e s  and pumps can be used 

t o  reach a pressure of 10” mm Hg which w i l l  be d i r e c t l y  r e l a t e d  

t o  the  1 micron pressure as shown i n  Figure 2. 

1 I I 

In tksi.s manner a gauge mounted on t h e  f i n a l  chamber can be 

cal i .brated by a determination of t he  pressure i n  the  i n i t i a l  chamber 

wi th  the  McLeod gauge. The pressure i n  the  f i n a l  chamber can be 

v a r i e d  over several. ranges by valving t h e  pumps i n  the  intermediate 

chambers and s t i l l  maintain a known re l a t ionsh ip  with the  primary 

pressure 

This p r i n c i p l e  may be t h e o r e t i c a l l y  extended t o  lower pressures  

by adding another pumped chamber and o r i f i c e .  With g l a s s  systems, 

sea led  and pumped w i t h  the ion  gauge, pressures  i n  the  10 mm J3g -12 

range have been a t t a ined .  This type of chamber could be added 

t o  extend the  ca l ib ra t ion  pressure t o  about 10 -10 u m ~  Hg; with  t h e  

required high r a t i o  of operating pressure t o  blank-off pressure ,  

t h i s - p r e s s u r e  is about t h e  l i m i t  of today’s technology 
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However, when b e t t e r  techniques t o  obtain lower pressures  are 

discovered, c a l i b r a t i o n  at  lower pressures  w i l l  be poss ib le  

by t h i s  method. 

Since t h i s  approach t o  a c a l i b r a t i o n  system appears t o  

have many advantages, an i n i t i a l  design was l a i d  out i n  order  

t o  study the  concept from an engineering standpoint.  

design is shown i n  Figure 3. A series of f ive chambers are 

connected by or i . f ices  In each succeeding chamber, t h e  pressure 

is  a f a c t o r  of 100 lower than i n  t h e  preceeding chamber and t h e  

use fu l  u l t imate  f i n a l  pressure is 10-9 mm e. 

This 

For c a l i b r a t i n g  a sensing device over several decades it 

w i l l  be unnecessary t o  move the  gauge from one chamber t o  another 

s ince ,  by s e l e c t i v e l y  closiFg t h e  valves t o  the  pumps i n  the  t h i r d  

and four th  chambers, the  pressure i n  the  f i n a l  chamber can be 

increased by orders  of magritude and s t i l l  provide a known pressure.  

1. The first chamber is e s s e n t i a l l y  a s t a b i l i z i n g  

volume. An inlet i s  provided f o r  admitting e i t h e r  

atmospheric a i r ,  a pure gas ,  o r  a known mixture of 

gases. A cold txap is  provided f o r  f reezing out 

condensibles. T h i s  chamber is  pumped with a me- 

chanical  pump and is maintained at  approximately 

100 microns pressure,  

maintained a t  a constant l e v e l  by a feedback system 

The ac tua l  pressure can be 
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including an Alghatron gauge which operates 

a valve on the  pump i n l e t .  The pressure can 

be se l ec t ed  by adjustment of t he  Alphatron 

c i r c u i t .  This chamber is  connected t o  No. 2 

chamber by an o r i f i c e .  

The bas ic  pressure measurement i s  made i n  t h i s  

chamber with a McLeod gauge, The pressure i s  

cont ro l led  by the  pressure i n  chamber No. 1, 

the  o r i f i c e  between the  chambers, and the  o r i f i c e  

a t  the  pump. The pressure can be cont ro l led  over 

t he  lom3 mm Hg range by ad jus t ing  the  set po in t  

of the  Alphatron on chamber No. 1, The 2" d i f fus ion  

pump i s  provided with a t r a p  t o  prevent t he  migration 

of pump f l u i d  vapor t o  the  chamber. Baf f les  are 

included t o  prevent beaming of t h e  incoming gas and 

t o  reduce the  p o s s i b i l i t y  of non-uniform 

d i s t r i b u t i o n  within the  chamber volume. Inetru-  

mentation w i l l  include (1) a modified ion gauge 

t o  provide bas ic  c a l i b r a t i o n  f o r  t he  succeeding 

ion gauges wi th  gases o ther  than a i r ,  (2) a mass 

spectrometer t o  provide bas i c  da ta  on the  composition 

of t he  incoming atmosphere, and (3) t h e  primary 

standard McLeod gauge. 

pressure 
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3 , 4 .  The succeeding two chambers are i d e n t i c a l  

and merely provide the  s t a b l e  pressure 

d iv is ions  necessary t o  a r r i v e  a t  a pressure 

of 10'' mm Hg i n  t he  fou r th  chamber. 

includes the  o r i f i c e  connection and a 2" 

di f fus ion  pump with t r a p  and valve.  The 

only instrumentation i s  an ion gauge f o r  

maintaining a constant check on the  performance 

of t he  system. Baff les  are again a p a r t  of t h e  

i n t e r n a l  s t ruc tu re .  

Each 

5. The f i n a l  chamber i s  the  operating poin t  f o r  

t he  gauge t o  be ca l ib ra t ed .  

are provided f o r  a t tach ing  the  gauge e i t h e r  by a 

metal-to-glass seal o r  by heliarc welding. 

gauge and mass spectrometer are included f o r  t he  

f i n a l  check on pressure and composition. 

pump with t r a p  and o r i f i c e  are a l s o  at tached.  

The f o r e  pumping system includes a 2" di f fus ion  

pump and mechanical backing pump with gauges f o r  

f o r e l i n e  monitoring. 

chamber a r e  provided wi th  an in su la t ing  enclosure 

f o r  baking - a necessary procedure t o  obta in  the  

f i n a l  l o w  pressure.  A valve must a l s o  be included 

i n  the  o r i f i c e  connection w i t h  t h e  preceding chamber 

A number of openings 

An ion 

A 4" 

This and t h e  preceding 
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f o r  i s o l a t i n g  t h i s  chamber when the  gauges 

are mounted o r  dismounted. 

The series of four  ion gauges ( e i t h e r  t he  Bayard-Alpert o r  

Nottingham modification of the  s tandard gauge) may be operated from 

a s i n g l e  cont ro l  box and the two mass spectrometers may a l s o  use 

common e l ec t ron ic  components. A fast-sweep type of mass spectrometer 

is prefer red  s ince  i t s  use is pr imari ly  f o r  comparison purposes and 

as a check on t h e  a i r - t i g h t  i n t e g r i t y  of the  system. 

The system must be constructed of s t a i n l e s s  steel. While it 

would be reasonable t o  f e e l  t h a t  t h i s  i s  not  necessary f o r  t h e  

higher  pressure chambers, any change i n  outgassing c h a r a c t e r i s t i c s  

of t h e  sur faces  is undesirable.  The sur face  of a mild s teel  w a l l  

w i l l  r u s t  over a per iod of time and the  outgassing rate w i l l  change 

considerably.  Although outgassing i n  the  usual sense is not  a 

problem because t h i s  p a r t  of the  system is not exposed t o  t h e  

atmosphere, a porous surface (due t o  rust) w i l l  r equ i r e  long per iods 

of time t o  reach equilibrium when t h e  composition of the  atmosphere 

i s  changed. 

In  order t o  maintain outgassing i n  the  low pressure chambers, 

rubber gaskets and s e a l s  must be kept t o  a minimum. This w i l l  

r equ i r e  very c a r e f u l  design i n  order  t h a t  the chamber w i l l  

s t i l l  be access ib le  f o r  cleaning. In t h e  f i n a l  c h h b e r ,  a l l  
- 
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gasketed j o i n t s  must be cooled f o r  baking and t o  reduce out- 

gassing during operation. 

I f  t he  t h e o r e t i c a l  bas i s  f o r  pressure d iv i s ion  is  t o  be 

maintained, every poss ib le  precaution must be taken t o  minimize 

leaks  and outgassing i n  the  f i n a l  chamber. If 1% accuracy i s  

desired,  the gas flow due t o  these sources must be 1% or  less 

of t he  desired flow through the  o r i f i c e .  

poss ib l e  t o  pump chamber #4 t o  

Therefore, it must be 

mm Hg and the  f i n a l  chamber 

t o  mm Hg. 

The use of r e f r ige ra t ed  ( l i q u i d  ni t rogen)  t r a p s  t o  prevent 

t h e  migration of pump o i l  i n t o  the  system is  standard p r a c t i c e  

i n  u l t r ah igh  vacuum technology. 

reported using noa-refr igerated t r a p s  with z e o l i t e  o r  alumina. 

This kind of trap would be very useful  f o r  t h i s  system not only 

from a c m t  standpoint but f o r  stacdby operation. 

when the  system i s  no6 actively i n  use,  the  chambers should be 

maintained a t  low pressures.  

duricg these periods the o i l  can migrate i n t o  t h e  clean system. 

Reported experience ind ica tes  a very long l i f e  f o r  t he  non- 

r e f r i g e r a t e d  t r a p s  without a t t e n t i o n .  

of t h i s  t-ype of t r a p  fo r  each d i f fus ion  pump i n  t h e  system would 

be very des i rab le .  

Some experiments have been 

During per iods 

I f  t h e  co ld  t r a p s  are not used 

For t h i s  reason t h e  use 
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fiorn an engineering standpoint,  a l l  t he  spec i f i ca t ions  

and requirements discussed above can be m e t  wi th  the  exception 

of  the  pressure of 10-11 m Eng f o r  t h e  f i n a l  chamber. 

low pressure has not beerr a t t a i n e d  i n  metal systems as fa r  as 

is  known. 

This 

However, by applying t h e  knowledge gained from pas t  

experience with l a rge r  chambers pumped t o  10 -10 mm Hg, it 

should be possible  t o  a t t a i n  a pressure i n  t h e  low 

region i n  t h i s  s m a l l  chamber. If a pressure of 3 x 10 -11 is 

a t t a ined ,  t h e  measurement accuracy a t  3 x 

a t  1 x it  w i l l  be 3%. 

w i l l  be 1% and 

This concept for: a ca l ib ra t ion  method meets t h e  require-  

ments of t h e  problem and its execution i n  physical  hardware 

does not  appear t o  have major d i f f i c u l t i e s .  For t h i s  reason, 

it is  the  recommendation cf r h e  study t o  design and construct  

a c a l i b r a t i o n  f a c i l i t y  using t h i s  approach. 


